The downstream box (DB) is a sequence element that enhances translation of several bacterial and phage mRNAs. It has been proposed that the DB enhances translation by base pairing transiently to bases 1469-1483 of 16S rRNA, the so-called anti-DB, during the initiation phase of translation. We have tested this model of enhancer action by constructing mutations in the anti-DB that alter its mRNA base-pairing potential and examining expression of a variety of DB-containing mRNAs in strains expressing the mutant anti-DB 16S rRNA. We found that the rRNA mutant was viable and that expression of all tested DB-containing mRNAs was completely unaffected by radical alterations in the proposed anti-DB. These findings lead us to conclude that enhancement of translation by the DB does not involve mRNA-rRNA base pairing.
Initiation of translation in bacteria typically involves two base-pairing interactions: the mRNA initiation codon pairs with the anticodon of the initiator methionine tRNA, and the Shine-Delgarno (SD) sequence, 7-10 bases upstream of the initiation codon, pairs with the 3Ј end of 16S rRNA (1) . Mutagenesis studies of the initiation signals of particular mRNAs as well as analysis of atypical and leaderless mRNAs have identified other sequence elements surrounding the initiator AUG that contribute to the efficiency of the initiation signal (2) . One such class of such elements has been termed translational enhancers, based on their ability to enhance the expression of various mRNA reporter gene constructs or to promote initiation in the absence of any identifiable SD. Among the best-studied enhancer elements is the downstream box (DB), so called because of its location downstream of the AUG initiation codon (3, 4) . This sequence was first identified by mutagenesis studies in the mRNA of phage T7 gene 0.3 and subsequently found in the cI, lysU, glnS, rpoH, and cspA mRNAs of Escherichia coli (5) (6) (7) (8) (9) (10) . Similar elements have been found in the dnaX gene of Caulobacter crescentus, the vph gene of Streptomyces vinaceus, and the rnhB gene of Streptococcus pneumoniae (11) (12) (13) . All of the identified DB elements display partial complementarity to nucleotides 1469-1483 of 16S rRNA. Moreover, mutagenesis studies have indicated that, in general, increases in the level of complementarity to this region of 16S rRNA led to increased expression whereas mutations that decreased complementarity caused corresponding reductions in expression of the reporter genes. Based on these observation, it has been concluded that DB elements enhance and stabilize the interactions of initiating ribosomes with mRNAs by base pairing to nucleotides 1469-1483 of 16S rRNA, the so-called anti-DB.
Although the mRNA mutagenesis studies cited above lend considerable credence to the mRNA-rRNA base-pairing model of enhancer action, supporting biochemical or rRNA mutagenesis data are lacking. Base-pairing interactions between mRNA and rRNA place considerable constraints on the orientation of mRNA within the ribosome. The mRNA path through the ribosome has been studied extensively by mRNA crosslinking studies (14) . However, to date, no crosslinks involving nucleotides 1469-1483 have been identified (R. Brimacombe, personal communication). In a study of ribosome-mediated protection of mRNA from base modification by chemical probes, Huttenhofer and Noller (15) failed to observe any protection of the DB region T4 gene 32 mRNA. More recently, Resch et al. (16) have shown that the proposed DB-rRNA interaction is dispensable for initiation of leaderless mRNAs, including the cI mRNA. Because of the widespread distribution of DB elements and their proposed importance in the initiation process, we have tested the basepairing model by constructing mutations in the anti-DB of 16S rRNA and examining the effects of the 16S rRNA mutations on the expression of DB-containing mRNAs. Our findings are that mutations in the proposed anti-DB had little effect on cell growth͞viability and had no effect on the expression of a variety of DB-containing reporter gene constructs. We conclude, therefore, that although DB elements may contribute to the efficiency of initiation, the mechanism of enhancement of translation does not involve mRNA-rRNA base pairing.
MATERIALS AND METHODS
Bacterial Strains and Plasmids. Plasmids pKK3535 and pMO10 each contain an intact wild-type rrnB operon and were used as rRNA expression vectors (17) . Plasmid pKK1192U is derived from pKK3535 and contains the C1192U spectinomycin resistance mutation in 16S rRNA. Plasmids pMO28 and pMO31 are derived from plasmid pACYC177; pMO28 contains an intact rrnB operon and the C1192U spectinomycin resistance mutation whereas pMO31 contains both the C1192U and anti-DB Flip rRNA mutations. Addition of spectinomycin to cultures of strains expressing these rRNAs ensures that only plasmid-encoded, spectinomycin-resistant ribosomes are active in translation. Strain TA548 is ⌬rrnE ⌬rrnB ⌬rrnA ⌬rrnH ⌬rrnG::cat ⌬rrnC::cat ⌬rrnD::cat recA56͞ pTRNA66, pSTL102 (18) and was used as a host for pMO10-derived rrnB plasmids, pBR322-derived lacZ plasmids, and plasmids expressing the vph viomycin resistance gene. Strain TA531 (⌬rrnE ⌬rrnB ⌬rrnA ⌬rrnH ⌬rrnG::lacZ ⌬rrnC::cat ⌬rrnD::cat ⌬recA͞pTRNA66 pHKrrnC) was used as a host for pKK3535 and its mutant derivatives. The ampicillin-resistant, rrnB-containing plasmid, pSTL102, in strain TA548 was re-placed with neomycin-resistant, pMO10-derived plasmids by transforming TA548 with the neomycin-resistant plasmids and growing the transformants in the absence of selection for pSTL102. Loss of pSTL102 was monitored by the appearance of ampicillin-sensitive clones after 3-4 cycles of overnight growth and dilution into fresh medium in the absence of ampicillin selection. A similar strategy was used to replace the neomycin-resistant plasmid pHKrrnC with the ampicillinresistant plasmid pKK3535 in strain TA531. Strain MC1061 (F Ϫ araD139 ⌬(ara-leu)7696 galE15 galK16 ⌬lacX74 rpsL hsdR2 mcrA mcrB1) was used as a host for pMC1871-derived lacZ constructs.
The ampicillin-resistant lysU-lacZ fusion plasmids pRP92, pRP103, and pRP105 were obtained from Yoshikazu Nakamura, University of Tokyo (7). The cI-lacZ fusion plasmids pdb and pdb* were obtained from Max Gottesman, Columbia University (6). The glnS-lacZ fusion plasmids pJP34 ad pJP35 were obtained from Leif Isaksson, Stockholm University (8) . The wild-type (GF34 and GF364) and mutant (GF364-D1) rpoH-lacZ fusions were obtained as MC4100 lysogens, and a further mutant rpoH-lacZ fusion (pFRP103-15A) was obtained as a low-copy plasmid from Takashi Yura, HSP Research Institute, Kyoto, Japan (9) . MC4100 lysogens were transformed with pKK1192U or pKK1192U-mDB, encoding spectinomycin-resistant, wild-type, and the anti-DB-Flip 16S rRNAs, respectively. ␤-Galactosidase levels were measured in cultures of these lysogenic strains grown in the presence of spectinomycin at 30°C. TA548-derived strains containing wildtype or mutant pMO10 plasmids were transformed with the various cI-͞lysU-͞rpoH-lacZ fusion plasmids, and ␤-galactosidase was measured in cultures grown in minimal medium at 30°C as described previously (19) . Because of unanticipated problems with instability of the glnS-lacZ plasmids in strain TA548, the effects of rRNA mutations on expression of glnS-lacZ fusions were investigated in strain TA430 (⌬rrnE ⌬rrnB ⌬rrnH ⌬rrnA::cat) carrying deletions in four rrn operons. TA430 first was transformed with each of the glnS-lacZ fusion plasmids and subsequently with pMO28 or pMO31 expressing spectinomycin-resistant, wild-type, and the anti-DB-Flip 16S rRNAs, respectively. ␤-Galactosidase levels then were measured in cultures of these strains grown in the presence of spectinomycin, neomycin, and ampicillin at 30°C.
The viomycin resistance plasmids, pIU455 and pIU456, together with a vector control plasmid, pIU433, were obtained from Gary Janssen, Miami University, Oxford, Ohio (12) . TA548 derivatives containing either wild-type or mutant pMO10 rrnB plasmids were transformed with each of the vph plasmids, or the vector control, and expression of the viomycin resistance gene was monitored by growth of the strains in increasing concentrations of viomycin (0, 100, 200, and 300 mg͞liter) at 30°C, as described previously (12) .
Plasmid pMC1871 contains a promoterless lacZ gene and was used for the construction of mutant derivatives of the wild-type rpoH-lacZ-fusion (20) . Growth rates of TA548 and TA531 derivatives containing pMO10 or pKK3535 derivatives, respectively, were measured by diluting overnight cultures of these strains into fresh LB and following the increases in turbidity thereafter by using a Klett-Summerson colorimeter.
Mutagenesis. Site-directed mutagenesis of rRNA was carried out on an M13 mp18 EcoRI-XbaI clone carrying the 3Ј end of 16S rRNA, as described by Kunkel (21) . Mutant M13 clones were identified by DNA sequencing, and mutant derivatives of plasmids pMO10, pKK3535, and pKK1192U were constructed by replacing the wild-type BglII-XbaI fragment in the plasmid with the mutant fragment from the M13 clone.
Mutagenesis of rpoH-lacZ fusions was carried out by the megaprimer PCR method as described by Barik (22) . In the first PCR, primers incorporating the desired mutation (rpo-HDBϩ1, ATGACTGGACAAAATACAAAGTTTGCTTT-AGCC; RPOHDBϩ2, ATGACTGAGACAAAATACAAA-GTTGCTTTAGCC; or rpoHDBϩ3, ATGACTGGAGACA-AAATACAAAGTGCTTTAGCC) together with primer lacZSacI (GCGCCACCATCCAGTGCAGGAGCTCGTTA-TCGC) encompassing the unique SacI site in lacZ were used as forward and reverse primers, respectively, and plasmid pFRP103-15A was used as template. In the second PCR, the primer rpoH3Xma (GCGATTGTCATCCCGGGTTGCGG-AAGTGGCACAGGTTTTCGG) that annealed to a region 374 bases upstream of the rpoH AUG start codon and incorporated nucleotide changes generating a unique XmaI restriction site was used as the forward primer, and the PCR product from the first PCR was used as the reverse primer. The products of the second PCR were cleaved with XmaI and SacI and annealed to XmaI-SacI-cleaved plasmid pMC1871. The resulting mutant plasmids were verified by nucleotide sequencing. The wild-type and mutant rpoH-lacZ fusions carried on the GF364 prophage and pFRP103-15A, respectively, also were transferred to the lacZ fusion plasmid pMC1871. This was achieved by using primers rpoH3Xma and lacZSacI to amplify rpoH-lacZ fragments from the fusion-containing strains, treating the products of these PCRs with XmaI and SacI and ligating the DNAs to XmaI-SacI-cleaved plasmid pMC1871. Transformations, DNA extractions, and other standard procedures were carried out as described (23) .
RESULTS

Construction and Expression of Mutations in the Anti-DB of 16S rRNA.
Nucleotides 1470-1481 of 16S rRNA form part of a conserved helical structure and are paired with nucleotides 1419-1430 (Fig. 1) . Our previous work on this region of 16S rRNA indicates that mutations on either side of the helix that disrupt base pairing affect subunit-subunit interactions, decrease the fidelity of translation, and increase the doubling times of cells expressing these mutant rRNAs (24) . These effects on ribosome function are virtually eliminated when base pairing within the helix is restored through the introduction of compensatory base pairs. It thus appears that a stable base-paired helix in this region of rRNA, rather than a particular sequence per se, is important for proper ribosome function. Based on these findings, we have constructed a multiple mutation (anti-DB flip mutant; Fig. 1 ) that reversed all 12 bp within this helical region of 16S rRNA and expressed the mutant rRNA on a plasmid copy of the rrnB operon, from the constitutive P 1 P 2 promoters. It was hoped that by creating a mutant helix of the same base composition and stability as wild-type 16S rRNA, any deleterious effects on subunit association and decoding would be avoided. However, an important consequence of reversing the base pairs in this region of rRNA was that the polarity of the proposed anti-DB sequence was reversed in the mutant rRNA and, consequently, its mRNA base-pairing potential was radically altered.
The development of a strain of E. coli in which all of the cellular rRNA is derived from a plasmid-encoded rrn operon has made it possible to analyze the effects of rRNA mutations in the absence of wild-type, chromosomally encoded rRNAs (18) . The resident rrn-containing plasmid in this strain can be displaced by another rrn-containing plasmid that carries a different vector-associated, antibiotic resistance marker. Using this approach, we have managed to construct isogenic strains of E. coli that express either wild-type or anti-DB flip mutant rRNAs exclusively. A variety of previously studied, single-base alterations in helix 44 have been found to alter the ability of the mutant subunits to associate with 50S subunits (24) (25) (26) . Although a very slight increase in the amount of free subunits was observed in sucrose gradients of anti-DB mutant ribosomes, cell lysates from strains expressing exclusively wild-type or the anti-DB flip mutant rRNAs displayed essentially identical levels of 70S ribosomes and polysomes on sucrose gradients.
However, the growth rates of strains expressing only plasmidencoded anti-DB mutant rRNAs were 15% slower than the corresponding wild-type strains; TA531 carrying wild-type or the anti-DB mutant version of pKK3535 had doubling times of 61 Ϯ 1 min and 69 Ϯ 2 min, respectively, whereas strain TA548 carrying wild-type or the anti-DB mutant version of pMO10 had doubling times of 70 Ϯ 3 min and 81 Ϯ 6 min, respectively. The longer doubling times of strains expressing total cellular rRNA from pMO10-based plasmids compared with strains expressing rRNA from pKK3535-derived plasmids is perhaps a result of the lower copy number of the pSC101-derived plasmid, pMO10. The anti-DB mutant ribosomes also stimulated stop codon read-through and frame-shifting at 1.3-1.8 times higher than wild-type ribosomes (data not shown). An effect of mutations in the 1469-1483 region on decoding fidelity is consistent with previous observations that mutations at positions A1431, C1469, and A1483 decreased the accuracy of translation (24, 27, 28) . Together, these data indicate that although the sequence of the proposed anti-DB can be altered without having dramatic effects on cell physiology, alterations in the primary sequence of the 1419-1481 region of helix 44 impinge on subunit-subunit interactions and the fidelity of the decoding process.
Effects of Mutations in the Proposed Anti-DB of 16S rRNA on Expression of DB-Containing mRNAs. The importance of the DB has been investigated in several laboratories by analyzing the effects of mutations in DB sequences on expression of lacZ fusions to the reporter gene of interest. We, therefore, have obtained several of these lacZ constructs and examined the effects of mutations in the anti-DB of 16S rRNA on lacZ expression.
Transcription of phage cI repressor from the pM promoter generates a transcript that initiates with the A of the AUG codon and, thus, lacks any 5Ј leader or SD sequence. Genetic analyses by Shean and Gottesmann (6) identified a DB near the 5Ј end of the cI coding sequence. Mutations within this DB that eliminated 4 bases of complementarity to 16S rRNA reduce expression of a cI-lacZ fusion 9-to 12-fold. ␤-Galactosidase assays of cells expressing either wild-type or the anti-DB flip mutant 16S rRNAs showed that although there was a 10-fold difference in ␤-galactosidase activity between the wild-type (cI db) and mutant versions (cI db*) of the cI-lacZ fusion in both strains, this difference was unaffected by the sequence of the anti-DB of 16S rRNA ( Table 1) .
The E. coli lysU gene encodes one of the two cellular lysyl-tRNA synthetases and can be induced by high temperature or growth on certain metabolites. Genetic analysis of the 5Ј end of the lysU coding region has identified a DB-containing sequence that is necessary for its high-level expression (7). Cells expressing either mutant or wild-type 16S rRNA were transformed with lysU-lacZ plasmids containing mutations that had either low (2 bases; pRP92) or high levels of rRNA complementarity (6 and 8 bases; pRP103 and pRP105, respectively) and assayed for ␤-galactosidase activity. These assays (Table 1) showed that although the DB had a substantial effect on the level of lacZ expression, ␤-galactosidase activity supported by each lysU-lacZ fusion was unaffected by the sequence of the 1470-1481 region of 16S rRNA.
Induction of the heat-shock response in E. coli involves increased synthesis of a heat-shock-specific factor, upon temperature shift is due largely to increased translation of rpoH mRNA. Analysis of the rpoH transcript has identified both positive and negative cis-acting elements that are responsible for potentially high-level expression at 30°C and thermal regulation, respectively (7) . All of these controlling elements are present in the GF364 rpoH-lacZ fusion, whereas the element(s) responsible for translational repression at 30°C and heat inducibility have been deleted in the GF34 fusion (7). The region of rpoH mRNA responsible for potentially highlevel expression at 30°C is adjacent to the AUG initiation codon and includes a DB sequence. Mutations in this DB element that increased (pFRP103-15A) or decreased (GF364D1) complementarity to 16S rRNA nucleotides 1469-1483 relative to the wild-type GF364 fusion had corresponding effects on the level of expression of rpoH-lacZ fusions at 30°C. Analysis of rpoH-lacZ expression in cells expressing exclusively either mutant or wild-type forms of 16S rRNA again showed that although alterations in the DB element affected rpoH-lacZ expression, these levels of ␤-galactosidase activity were unaffected by the sequence of nucleotides 1470-1481 of 16S rRNA (Table 1) .
A GAG 3 GAA mutation at codon 3 in the glutaminyltRNA synthetase (glnS) gene increases expression of a glnSlacZ fusion 4-fold (8) . The effects of further mutations that increased the apparent complementarity of the 5Ј end of the glnS mRNA to the anti-DB suggested that increased expression was correlated with increased base-pairing potential to the anti-DB. Measurement of ␤-galactosidase activities in strains carrying the wild-type glnS-lacZ fusion on plasmid pJP34, or plasmid pJP35 carrying the GAG 3 GAA mutation, under conditions in which only plasmid-encoded wild-type or anti-DB flip rRNAs were functional, showed that alterations in the proposed anti-DB sequence did not affect glnS-lacZ expression (Table 1) .
Analysis of the viomycin phosphotransferase (vph) gene of S. vinaceus has shown that it can be translated effectively in the absence of any leader sequences, in both Streptomyces and E. coli, and that only the first 16 vph codons are required for efficient initiation on this leaderless mRNA (12) . This 16-codon sequence is partially complementary to the anti-DBs of both Streptomyces and E. coli and suggested that DB-anti-DB pairing might contribute to the initiation signal of this leaderless mRNA. Strains expressing either wild-type or the anti-DB flip mutant 16S rRNA were transformed with two different vph plasmids (pIU455 and pIU456) or a vector control (pIU433), and the effects of alterations in 16S rRNA on expression of leaderless vph mRNAs were assayed by examining their growth in viomycin-containing medium as described previously (12) . All strains carrying vph plasmids grew equally well in viomycin-containing medium (data not shown), indicating that alterations in the 16S rRNA anti-DB did not affect the translation of vph mRNA.
The published data relating to the five sets of DB-containing mRNA constructs described above constitute the majority of the experimental support for the proposed DB-anti-DB pairing. However, although we have been able to confirm the previously reported effects of mutations in the DB region of the various mRNAs, the expression of each of these lacZ constructs and of the vph gene is consistently unaffected by radical alterations in the proposed base-pairing region of 16S rRNA. We conclude, therefore, that although the DB element may contribute substantially to the efficiency of translational initiation, its effect on translation does not involve mRNArRNA base pairing.
Testing the Reading-Frame Dependence of the DB Enhancer. Analyses of codon distribution in E. coli mRNAs by several groups have reported a nonrandom distribution of codons close to the initiation site (29, 30) . Such an arrangement of codons might promote rapid movement of the justinitiated ribosome away from the initiation region, thereby facilitating subsequent initiation events by other ribosomes. We have asked whether the enhancer effect of the DB is related to the choice of codons that constitute this sequence by testing its ability to enhance translation in different reading frames. A single G 3 A mutation in the DB region of the rpoH mRNA increases expression 5-to 10-fold at 30°C (compare activities supported by plasmid pFRP103-15A with the wildtype GF364 fusion; Table 1 and ref. 9). For ease of manipulation, both of these fusions were reconstructed in the multicopy lacZ plasmid pMC1871 and designated pDBZGA and pDBZwt, respectively. Using the G3A high-expression mutant as a starting point, one, two, or three base insertions and deletions were made at the 5Ј and 3Ј sides of the DB element, respectively, by site-directed mutagenesis. In this way, a series of rpoH-lacZ fusions was constructed that contained the DB element in the 0, ϩ1, ϩ2, and ϩ3 reading frames (designated pDBZGA, pDBZϩ1, pDBZϩ2, and pDBZϩ3; Table 2 ). Activity measurements of these constructs showed that the 0, ϩ1, and ϩ2 reading-frame constructs all had equivalent ␤-galactosidase activities (ca. 7,000 units in all cases). Surprisingly, the ϩ3 reading-frame construct that contains the same codons comprising the DB as in the 0 frame construct displayed significantly lower activity (ca. 4,000 units). Nevertheless, the finding that the 0, ϩ1, and ϩ2 frame constructs support equivalent levels of ␤-galactosidase demonstrates that the enhancer activity is not dependent on the codons that constitute the DB and suggests that the enhancer activity is intrinsic to the RNA sequence itself.
DISCUSSION
The original proposal by Shine and Delgarno (31) that initiation of translation involved base pairing of the 3Ј end of 16S rRNA to complementary sequences upstream of the initiation codon on the mRNA was based solely on sequence comparisons of a limited number of bacterial and phage mRNAs. Nevertheless, in the 25 years since this proposal was first advanced, the rRNA-mRNA base-pairing model for initiation has been supported by numerous biochemical and genetic experiments, as well as by comparative sequence analyses (32) (33) (34) (35) . Chemical footprinting of DB-containing mRNAs, using probes that are sensitive to base-pairing interactions, has been used to examine the putative interaction of the DB with rRNA (15, 16) . These studies have shown that although the SD region of the mRNA was protected by ribosomes from chem- AUG ACU GAG ACA AAA UAC AAA GUU **GCU UUA GCC CCA AGU (1999) ical modification in a manner consistent with rRNA-mRNA base pairing, the DB region was not protected. In this study, we have examined the proposed base pairing of the DB to 16S rRNA by manipulation of rRNA sequences by using the same approach that we and others have used previously to examine the SD-anti-SD interaction (33) (34) (35) . We find that expression of each DB-containing mRNA tested is completely unaffected by radical alterations in the proposed anti-DB sequence in rRNA, indicating that base pairing is not involved in enhancement of translation of these mRNAs. The results of our mutagenesis experiments lead us to conclude that the DB does not engage in base pairing with the proposed anti-DB, whereas the chemical footprinting experiments indicate that the DB does not pair with this or any other region of rRNA. We conclude, therefore, that the proposed anti-DB does not exist. The evidence in support of the base-pairing model derives wholly from a series of limited alterations of DB-containing mRNAs and the observation that, in general, mutations that increased or decreased complementarity to the proposed anti-DB led to corresponding changes in gene expression. As can be seen in Table 1 , the effects of these altered DBs on expression are maintained in strains expressing either mutant or wild-type rRNA. Thus, although the DB does not engage in base pairing with rRNA, the presence and primary structure of this element does affect gene expression, and other explanations must be sought to account for its ability to enhance translation. Moreover, because the DB-anti-DB base-pairing model is no longer tenable, it is unclear that all of the existing DBs enhance translation by the same mechanism(s), and, consequently, extensive mutagenesis studies are now required to identify and define the sequence requirements of DB elements.
The results of mutagenesis of DB-containing mRNAs that previously had been used to support the base-pairing model are equally consistent with a number of other explanations. It has been proposed that the increase in glnS expression caused by a single base mutation in the glnS DB might be due to the substitution of a rapidly translated GAA codon for the slowertranslated GAG codon (8, 36) . Although as we show in Table  2 , the choice of codons constituting the rpoH DB does not appear to affect its expression, this result does not preclude a possible effect of codon choice on the activity of other DBs. In addition, the possible effects of DB mutations on RNA structure and mRNA or protein stability have not been investigated fully and might contribute in part or in full to the enhancing effects of some DBs (37) (38) (39) .
In addition to the DB, a number of other non-SD-related initiation elements have been shown to promote or enhance translation in E. coli (40) (41) (42) . Although various rRNA-mRNA base-pairing schemes have been advanced to explain these enhancer effects, it also has been suggested that at least some of these pyrimidine-rich sequences promote efficient initiation by interactions with ribosomal protein S1, and the omega element from tobacco mosaic virus RNA that promotes translation in the absence of a SD element has been shown to bind S1 directly in vitro (43, 44) . More recently, Ringquist et al. (44) have shown that S1 recognizes highly structured RNAs, and, consequently, the RNA sequences recognized by ribosomal protein S1 may be more extensive than previously had been appreciated. Therefore, the possibility that some of the DB sequences enhance translation by interacting with S1 cannot be excluded and currently is being tested.
Although base-pairing models have provided an attractive basis for contemplating RNA-rRNA interactions, of all such models proposed, only the SD-anti-SD interaction and the base pairing of C74 at the 3Ј end of all tRNAs with G2252 in 23S rRNA have withstood rigorous analysis (45) . It appears, therefore, that mRNA-rRNA interactions proposed on the basis of base complementarity alone, in the absence of supporting genetic and biochemical data, should be approached with caution.
